V enous thromboembolism (VTE), which includes deep venous thrombosis (DVT) and pulmonary embolism (PE), is a significant problem in adults (1) (2) (3) . It is the leading cause of preventable excess mortality and morbidity in hospitalized adult patients (1) . VTE is also a growing concern in children. The incidence of VTE in children is increasing (4 -6) mostly as a result of the prevalent use of central venous lines (CVLs) (6 -9) . CVL is currently the most significant risk factor for the development of DVT in children (6 -11) .
The outcomes of DVT in children are less studied compared with adults (12) . PE and PE-related deaths, which are the most significant acute outcomes of DVT, also occur in children, although less commonly than in adults (12) (13) (14) (15) . PE is difficult to diagnose in children, particularly in those who are critically ill, as a result of the nonspecificity of its signs and symptoms (2, 9, (12) (13) (14) (15) (16) . The reported incidences of PE and PE-related deaths are based on registries of symptomatic cases that may underestimate the true incidences of the disease (5, 7, 9, 12) .
PE can lead to ventilation and perfusion mismatch in the lungs that may be more pronounced in critically ill patients (8, 9) . The impairment in lung function has been associated with difficulty in weaning patients from mechanical ventilation (17) . Conceivably, critically ill patients who are breathing unassisted may require mechanical ventilation with PE. Increased duration of mechanical ventilation is associated with morbidities such as pneumonia that may lead to a pro-longed stay in the intensive care unit (ICU) or even death (18) .
In this study, we aim to determine the association between symptomatic CVLrelated DVT and a mortality-adjusted measure of duration of mechanical ventilation in critically ill children with CVL. We hypothesize that in this population, mortality-adjusted duration of mechanical ventilation is significantly associated with having DVT.
METHODS
Study Design. We performed a retrospective matched cohort study on critically ill children with CVL. The study sample came from a multicenter prospective observational study on symptomatic VTE, which was conducted between April 2006 and December 2007. After obtaining local institutional review board approval or exemption, 11 pediatric ICUs in the United States collected data on symptomatic VTE under the auspices of the National Association of Children's Hospitals and Related Institutions Pediatric ICU Focus Group. The centers represented a variety of ICU types across different geographic regions in the country. Each center enrolled sequential admissions over a continuous 6-month period. Patients with clinically suspected VTE were evaluated and treated per each clinician's usual practice. VTEs were detected after patients presented with systemic or local symptoms. All VTEs were confirmed radiographically. No specific screening procedures were conducted to diagnose asymptomatic VTE.
Subjects. Patients who were Ͻ18 yrs old and had a CVL placed during the ICU admission were included in the current analysis. All types of CVL (ie, tunneled, untunneled, and peripherally inserted central catheters) were included. We used the first ICU admission of each patient to eliminate the effect of multiple admissions on the outcome measures. Patients were categorized into index or control with respect to having exposure to symptomatic CVL-related DVT during the study period. The relationship between the DVT and the CVL was determined by the local clinician based on the location and timing of the DVT and the location of the CVL. Patients with a CVL-related DVT present on admission were excluded in the current study because the dates of CVL insertion and initial diagnosis of the DVT were not available for these patients. Control patients did not have any documented VTE before or during the study period.
Data Collection. Data from the multicenter prospective study were collected and entered into the Virtual Pediatric ICU System, LLC (VPS, LLC), a clinical database that connects a global network of children's hospitals and standardizes data-sharing and benchmarking between pediatric ICUs. We obtained the following data from VPS, LLC: age, gender, race and ethnicity, severity of illness score (ie, Pediatric Index of Mortality 2) (19), surgical status, diagnosis, date and time of CVL insertion and removal, date and time of start and termination of invasive mechanical ventilation, date and time of admission and medical discharge from the ICU, and mortality. Patients' ages were divided into three groups: Ͻ1 yr old, 1-13 yrs old, and Ͼ13 yrs old based on the known age-related epidemiology of VTE in children (4, 7, 20) . Diagnoses were categorized to reflect the association between development of VTE and specific disease groups (2, 7, 10, 11, 16, (21) (22) (23) (24) .
Outcome Measures. The primary outcome measure was ventilator-free days (VFD) at 28 days after CVL insertion. VFD was defined as the number of days within a preset time period (eg, 28 days after CVL insertion) that a patient was alive and breathing completely unassisted (25) . It incorporated mortality, which may falsely decrease the duration of mechanical ventilation without improving clinical outcome, and the duration of mechanical ventilation into a single outcome measure. Patients who died or remained on mechanical ventilation 28 days after CVL insertion were assigned 0 VFD (25) . The number of VFDs assigned to patients who were alive and breathing unassisted within 28 days after CVL insertion was equal to 28 minus the duration of mechanical ventilation. Secondary outcome measures were ICU-free days (ICUFD) at 28 days after CVL insertion, duration of mechanical ventilation, duration of ICU stay, and mortality. ICUFD was the number of days within 28 days after CVL insertion that a patient was alive and medically discharged from the ICU. The number of ICUFDs assigned to each patient was similar to VFD.
The date and time of CVL insertion were used as a reference point to determine the durations of mechanical ventilation and ICU stay for each patient. Successful termination of mechanical ventilation was defined as Ͼ48 hrs of breathing unassisted (26) . Successful discharge from the ICU was defined as Ͼ48 hrs after being discharged from the ICU service. For patients who died, the durations of mechanical ventilation and ICU stay were equal to the days that the patient was on mechanical ventilation and in the ICU, respectively, before death. The decisions to start and terminate mechanical ventilation as well as to discharge the patient from the ICU were not protocolized but were determined by the clinical team. None of the participating ICUs kept patients in the unit for heparin infusion as treatment for VTE.
Statistical Analysis. Matching was used to adjust for variables potentially confounding the association between outcome measures and DVT. We matched each index patient to four control patients based on age group, disease category, severity of illness score, and number of ICU days before CVL insertion. Age group and disease category were consistently reported risk factors for DVT in children (4 -7). Severity of illness score is associated with mortality rates (19) . Inclusion of the number of ICU days before CVL insertion controlled for different clinical care factors that may have affected the development of DVT (27) . Matching was performed using Match (28, 29) . Match is a noncommercial software program that matches subjects based on one or more variables. The program produces near-optimal solutions that are typically superior to those obtained using hand matching or other semiautomated processes.
Patient characteristics expressed as categorical variables were compared using Cochran Q test. Patient characteristics and outcomes of interest expressed as continuous variable were averaged across the four control patients matched to every index patient before comparing the two groups using Wilcoxon signed rank test. Mortality rates were compared using rate ratios.
Data are presented as mean Ϯ SD, number (%), and rate (95% confidence interval). p Ͻ .05 was considered statistically significant for all tests. Statistical tests were performed using SPSS 16.0 for Windows (SPSS, Inc, Chicago, IL).
RESULTS
Prospective data were collected from 6653 patient admissions (Fig. 1) . We identified 29 index patients with symptomatic CVL-related DVT and 981 control patients without VTE. The incidence of symptomatic CVL-related DVT was 2.9 per 100 patients or 5.2 per 1000 CVL days. DVT was detected in 17 of 29 (58.6%) cases within 7 days of CVL insertion, whereas five cases (17.2%) were diagnosed beyond 28 days of CVL insertion (Fig. 2) .
Index patients were appropriately matched to control patients with similar distributions of age groups and disease categories as well as severity of illness scores and number of ICU days before CVL insertion between the two groups ( Table 1 ). The patients were also comparable in gender, ethnicity, surgical status, and duration of mechanical ventilation before CVL insertion. The mean VFD was 5.5 days (p ϭ .040) less in the index patients compared with the matched control subjects (Table 2 ; Fig. 3) . Similarly, the mean ICUFD was 8.1 days (p Ͻ .001) less in the index patients. Duration of mechanical ventilation was longer in the index patients by 12.4 days. This did not reach statistical significance (p ϭ .236). Index patients, on average, stayed in the ICU 26.2 days longer than control patients (p ϭ .011). DVT was not associated with mortality with a rate ratio of 1.50 (95% confidence interval, 0.42-5.30; p ϭ .536).
DISCUSSION
In this retrospective analysis, we report that patients with CVL-related DVT had worse outcomes with fewer VFD and ICUFD compared with patients without VTE after adjusting for age, disease category, severity of illness, and number of days in the ICU before CVL insertion. This was most likely the result of prolongation in the durations of mechanical ventilation and ICU stay, respectively, and not the result of increased mortality. Mortality was statistically similar between the two groups.
CVL is the most significant risk factor for the development of DVT in children (6 -8, 10) . Therefore, efforts to decrease the incidence of DVT in children have focused on this subset of patients (21, 23, 24, 30) . CVL insertion damages the endothelium, initiating thrombus formation (31) . Patients requiring CVL are also likely to have hypercoagulable states as a result of their underlying disease process (2, 3, 11, 16, 23, 24) , to be immobile from their illness (10) or surgical status (32), or to be provided with interventions that further increase the risk for developing DVT (2, 3, 10, 32) .
Nearly 20% of the DVT in our study were diagnosed beyond 28 days after CVL insertion, which was longer than our threshold for VFD and ICUFD. It is possible that these patients developed DVT earlier but it was not detected in the 28-day study window. In the study by Beck et al (33) , in which critically ill children with CVL were prospectively screened for symptomatic and asymptomatic DVT by ultrasonography, 88% of the DVTs were detected within 4 days of CVL insertion and all DVTs were diagnosed by 21 days after CVL insertion. Symptoms associated with DVT were a Index patients with central venous line (CVL)-related deep venous thrombosis were matched to control patients without venous thromboembolism based on age group, disease category, severity of illness score (Pediatric Index of Mortality 2 ͓PIM2͔), and number of days in the intensive care unit (ICU) before CVL insertion. noted in the regular structured physical examination within a day of DVT diagnosis by ultrasonography. In the absence of regular structured physical examinations in our study, it is possible that DVT symptoms were missed, delaying the diagnosis beyond 28 days after CVL insertion (8) .
VFD and ICUFD are novel outcome measures for DVT studies both in adults and children. It is logical to incorporate duration of mechanical ventilation and mortality into a single measure. PE, which is the most significant complication of DVT, primarily affects lung function (8, 9, 17) . When severe or in the presence of other comorbid conditions, PE can lead to delays in weaning from mechanical ventilation, prolonged ICU stay, and even death (2, 9, 17) . VFD is a standard outcome measure in trials on acute respiratory failure in adults and children (25, 34, 35) .
The duration of mechanical ventilation in patients with CVL-related DVT was longer compared with patients without VTE. The difference was not statistically significant in our analysis. However, we are underpowered to make any conclusions regarding this association. The association of duration of mechanical ventilation with DVT in children has not been investigated. In adults, two studies that prospectively screened critically ill patients for DVT reported contrasting results (2, 3) . Prolonged duration of mechanical ventilation in patients with DVT was reported by Cook et al (2) but not by Ibrahim et al (3) . Differences in sample size and in the patient populations among our study and the two adult studies may partly explain the disparity in results.
Patients with CVL-related DVT stayed in the ICU longer than children without VTE, which is consistent with results from other pediatric populations. Hanson et al (10) and Candrilli et al (36) reported an independent association between DVT and prolonged ICU and hospital stay in children with trauma. In critically ill adults with DVT, Cook et al (2) reported longer ICU and hospital lengths of stay. On the contrary, Ibrahim et al (3) did not find any difference in lengths of ICU and hospital stay. The small sample size and more complex patient selection methods may have contributed to the lack of a significant association in the latter study.
Similar to findings in critically ill adults (2, 3), we did not find any statistically significant association between CVL-related DVT and mortality. Although none of these studies, including ours, was adequately powered to detect a difference in mortality, it is possible that DVT is not associated with increased mortality in critically ill patients.
Decreased VFD and ICUFD in patients with CVL-related DVT is consistent with our hypothesis that DVT impairs lung function and prolongs duration of mechanical ventilation and ICU stay. Alternatively, prolonged mechanical ventilation and ICU stay may have predisposed the patients to the development of DVT. However, with DVT being an early event in the CVL course, it seems more likely that the differences in the outcome measures are the result of thrombus formation. We cannot prove causality between CVL-related DVT and our outcome measures based on our study design. A randomized trial aimed at decreasing the incidence of DVT with a prophylactic intervention may be able to determine causality.
Our study has several strengths. Our patients were enrolled from 11 pediatric ICUs across the United States representing a variety of cases, ICU types, and geographic distribution. The database from which our data were derived currently represents the largest collection of prospectively collected data on symptomatic VTE in critically ill children. The outcome measures used in the study, particularly VFD and ICUFD, are novel and have not been used in DVT studies in children or adults. Lastly, the decisions to start and terminate mechanical ventilation and discharge patients from the ICU were not protocolized and were subjected to variations in physician practice. This increases the generalizability of our results. Our study also has limitations that need to be considered. The study design precludes us from proving causality. The results may not be applicable to asymptomatic DVT, which is more common than symptomatic DVT (22, 23, 30, 33, (37) (38) (39) . The diagnosis of CVL-related DVT was not centrally adjudicated. Finally, indication for mechanical ventilation and information on other risk factors for DVT were not collected and, therefore, not available for analysis (2, 3, 5-7, 10, 32) .
Efforts to study DVT prevention in children is hindered by the absence of an acceptable outcome measure (40) . In adults, as a result of the strong concordance between symptomatic and asymptomatic DVT, PE, and PE-related death, the detection of DVT by a sensitive screening procedure such as ultrasonography is an accepted outcome in DVT prevention trials (1) . Despite data to show that asymptomatic DVT leads to similar outcomes such as postthrombotic syndrome (41), a survey of pediatric critical care physicians reported that a majority of practitioners believe that asymptomatic DVT is not clinically significant and does not require treatment (42) . Our study offers potential additional outcome measures in studying DVT. VFD, in particular, is clinically significant and accepted by pediatric intensivists because it has been used in prior studies on acute respiratory failure in children (26, 34) .
Clinically, unsuspected PE from DVT should be considered in patients presenting with difficulty in weaning from mechanical ventilation. Prophylactic strategies against DVT may potentially decrease duration of mechanical ventilation. Alternatively, early extubation may minimize the development of DVT.
CONCLUSION
In critically ill children with CVL, symptomatic CVL-related DVT is associated with worse outcome, particularly fewer VFD. The decrease in VFD is more likely the result of prolonged duration of mechanical ventilation and not attributable to an increase in mortality. The causal relationship between CVL-related DVT and the different outcome measures needs to be investigated prospectively. VFD is a possible alternative outcome measure that may be used in future DVT studies. The results of our study require validation in patients with the more common asymptomatic CVL-related DVT.
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